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[57] ABSTRACT 

An electrode material layer of a WSiz/polysilicon lamination 
layer and a conductive material layer for antire?ection made 
of TiN or TiON and containing the direction <200> are 
sequentially deposited on a gate insulating ?lm. The con 
ductive material layer is patterned through dry etching using 
a resist layer as a mask to leave a portion of the conductive 
material layer. The resist layer may be as thin as capable of 
patterning the conductive material layer. After the resist 
layer is removed, the electrode material layer is patterned 
through dry etching using the conductive material layer as a 
mask to leave a portion of the electrode material layer. A 
lamination of the left electrode material layer and conduc 
tive material layer is used as a gate electrode layer. A 
lamination of the resist layer and conductive material layer 
may be used as a mask. 

19 Claims, 9 Drawing Sheets 
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CONDUCTIVE LAYER FORMING METHOD 
USING ETCHING MASK WITH DIRECTION 

<200> 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application of 
US. patent application Ser. No. 08/898,417 ?led on Jul. 3, 
1997, now US. Pat. No. 5,910,021, Which is a continuation 
of application Ser. No. 08/498,537 ?led on Jul. 5, 1995, noW 
abandoned. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
The present invention relates to a method of forming a 

conductive layer of ?ne pattern to be used as an electrode or 
Wiring of a semiconductor device or the like. More 
particularly, the invention relates to a method of manufac 
turing a conductive lamination layer of ?ne pattern by 
dry-etching the conductive layer made of refractory metal 
silicide such as tungsten suicide (WSi2) at least for an 
uppermost layer of the conductive lamination layer by using 
as a mask a TiN or TiON layer containing the direction 
<200> of Miller indices notation. 

b) Description of the Related Art 
In a knoWn conventional method of forming a gate 

electrode layer of ?ne pattern made of polycide, a polycide 
layer such as a laminated ?lm (WSiz/polysilicon layer) of a 
WSi2 ?lm stacked upon a polysilicon layer WSi2 is dry 
etched by using an antire?ection layer made of TiN or TiON 
as a mask (e.g., refer to JP-A-No. 8-17758). 

In this speci?cation, “TiON” does not mean that the 
compositions of “O” and “N” are 1:1, but that it is repre 
sented by a general chemical formula “TiOxNy” and X and y 
change With dose amounts of O and N in a TiON layer 
deposited, for eXample, by sputtering. 

In order to make TiOxNy have the function of a conductive 
?lm, it is necessary to set the resistance value of TiOxNy 
loWer than a predetermined value. To this end, it is prefer 
able that the values X and y satisfy the folloWing conditions. 

Also in this speci?cation, the compositions of “W” and 
“Si” of “WSi2” are not limited to 1:2, but it is represented 
by a general chemical formula “WmSin” and m and n change 
With the compositions of a sputtering target WmSin. WmSin 
rich in silicon such as WSi2_7 is often used in practice. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
laminated conductive ?lm forming method capable of form 
ing a laminated conductive ?lm of ?ne pattern having a 
highly precise dimension and made of refractory metal 
silicide at least for an uppermost layer of the laminated 
conductive layer. 

According to one aspect of the present invention, there is 
provided a method of forming a conductive layer comprising 
the steps of: (a) forming a ?rst conductive lamination layer 
on an insulating ?lm covering a substrate, the ?rst conduc 
tive lamination layer being made of refractory metal silicide 
at least at an uppermost layer of the ?rst conductive lami 
nation layer; (b) forming a second conductive layer for 
antire?ection on the ?rst conductive lamination layer 
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2 
through photolithography, the second conductive layer being 
made of TiN or TiON and containing a direction <200> of 
the Miller indices notation; (c) forming a resist ?lm having 
a desired pattern on the second conductive layer through 
photolithography; (d) patterning the second conductive layer 
through dry etching using the resist layer as a mask to 
partially leave the second conductive layer; and (e) pattern 
ing the ?rst conductive lamination layer through dry etching 
using the resist layer and/or the left portion of the second 
conductive layer as a mask to partially leave the ?rst 
conductive lamination layer, Wherein a lamination of a left 
portion of the ?rst conductive lamination layer and the left 
portion of the second conductive layer is used as a conduc 
tive layer for an electrode or a Wiring layer. 

An electrode material lamination layer made of refractory 
metal silicide such as WSi2 at least at the uppermost layer 
thereof is dry-etched by using as a mask a conductive 
material layer for antire?ection made of TiN or TiON and 
containing the direction <200>. It is therefore possible to 
form a ?ne pattern conductive material layer made of 
refractory metal silicide and having a good dimension 
precision. 

Furthermore, if a lamination of the antire?ection conduc 
tive material layer and the resist layer is used as an etching 
mask, an independent process of removing the resist layer 
becomes unnecessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 15 are cross sectional vieWs of a substrate 
illustrating a method of manufacturing a MOS IC according 
to an embodiment of the invention. 

FIGS. 16A and 16B are graphs shoWing X-ray diffraction 
patterns of a TiN layer and a TiON layer deposited through 
reactive sputtering. 

FIG. 17 is a cross sectional vieW shoWing an electron 
cyclotron resonance (ECR) plasma etcher used by the 
embodiment. 

FIG. 18 is a plan vieW shoWing a resist pattern of a test 
sample used for electron shading damage tests. 

FIG. 19 is a cross sectional vieW of the substrate taken 
along line X-X‘ shoWn in FIG. 18. 

FIG. 20 is a graph shoWing an etching selection ratio 
dependency upon an O2 ?oW rate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

According to the studies made by the inventors, the 
above-described conventional method is associated With the 
problem that a TiN (or TiON) layer is etched When a WSi2 
layer or a WSiz/polysilicon lamination layer is dry-etched, 
and the TiN (or TiON) layer cannot function suf?ciently as 
the mask. 

More speci?cally, When a polysilicon layer is dry-etched 
With plasma of Cl2+O2 by using a TiN layer as a mask, 
reactions of the folloWing formulae occur. 

TiNQTi+N (ion bombardment) 
Ti+20QTiO2 (deposition) 

Ti-N coupling is cut by ion bombardment, and thereafter 
contention reactions occur, one being a reaction (deposition) 
of forming a Ti oXide ?lm oXidiZed by O and the other being 
a reaction (etching) of etching Ti With Cl. Since the oXide 
?lm is formed on the surface of the TiN layer through the 
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deposition reaction, the etching rate of the TiN layer is 
lowered. The TiN layer can therefore be used as the mask. 

When a WSi2/polysilicon lamination layer is dry-etched 
With plasma of Cl2+O2 by using a TiN layer as a mask, 
reactions of the following formulae occur. 

TiNQTi+N (ion bombardment) 
Ti+20QTiO2 (deposition) 

As compared to the polysilicon layer, the amount of 
necessary oXygen is larger. Therefore, the supply amount of 
oXygen for forming the Ti oXide ?lm through a reaction 
betWeen Ti and O after the Ti—N coupling is cut by ion 
bombardment, becomes insufficient and the oXide ?lm for 
suppressing the etching cannot be formed suf?ciently. 

It has been found that TiN conventionally used as an 
etching mask has the direction <111>. 

The inventors have found that an etching precision can be 
improved by using a TiN layer or TiON layer containing the 
direction <200> as a mask instead of using a TiN layer 
containing the direction <111>. 

According to an embodiment of the present invention, 
there is provided a method of forming a conductive layer 
comprising the steps of: (a) forming a ?rst conductive 
lamination layer on an insulating ?lm covering a substrate, 
the ?rst conductive lamination layer being made of refrac 
tory metal silicide at least at an uppermost layer of the ?rst 
conductive lamination layer; (b) forming a second conduc 
tive layer for antire?ection on the ?rst conductive lamination 
layer through photolithography, the second conductive layer 
being made of TiN or TiON and containing a direction 
<200> of the Miller indices notation; (c) forming a resist 
?lm having a desired pattern on the second conductive layer 
through photolithography; (d) patterning the second conduc 
tive layer through dry etching using the resist layer as a mask 
to partially leave the second conductive layer; and (e) after 
the resist layer is removed, patterning the ?rst conductive 
lamination layer through dry etching using the left portion of 
the second conductive layer as a mask to partially leave the 
?rst conductive lamination layer, Wherein a lamination of a 
left portion of the ?rst conductive lamination layer and the 
left portion of the second conductive layer is used as a 
conductive layer for an electrode or a Wiring layer. 

In this conductive layer forming method, the resist layer 
may have a thickness as thin as suf?cient for patterning the 
second conductive layer and as thin as insuf?cient for 
patterning the ?rst conductive layer. The ?rst conductive 
layer may be patterned through dry etching using a lamina 
tion of the resist layer and the left portion of the second 
conductive layer as a mask, Without removing the resist 
layer after the second conductive layer is patterned, to 
thereby leave the portion of the ?rst conductive layer and 
remove the resist layer. 

With this method, the antire?ection second conductive 
layer made of TiN or TiON and containing the direction 
<200> is formed on the ?rst conductive layer made of 
refractory metal silicide at least at the uppermost layer 
thereof, and the resist layer having a desired pattern is 
formed through photolithography on the second conductive 
layer. The second conductive layer is patterned through dry 
etching using the resist layer as a mask to leave the portion 
of the second conductive layer. 

The second conductive layer functions as an antire?ection 
layer during a photolithography process so that a ?ne resist 
pattern can be formed. For example, the thickness of the 
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4 
second conductive layer is set to about 30 to 50 nm. Since 
the resist layer can be made as thin as capable of patterning 
the second conductive layer, the depth of focus for the 
photolithography process can be improved. The second 
conductive layer can therefore be patterned ?nely. 

After the resist layer is removed, the ?rst conductive layer 
is patterned through dry etching using the left portion of the 
second conductive layer as a mask to leave the portion of the 
?rst conductive layer. During this etching process, the 
etching mask constituted of the portion of the second 
conductive layer is thin, so that the microloading effects are 
suppressed and the patterning dimension precision can be 
improved. 

If a resist layer made of insulating material is etched, 
electric charges are accumulated on the surface of the resist 
layer during the etching and the electron shading effects 
become Worse. By using the left portion of the second 
conductive layer as an etching mask, electric charges are 
prevented from being accumulated on the surface of the 
etching mask and the electron shading effects and the 
microloading effects can be suppressed. 
A conductive layer for an electrode or a Wiring layer of a 

?ne pattern made of a lamination of the left portions of the 
?rst and second conductive layers can therefore be formed 
With a good dimension precision. 

Although a TiN or TiON layer containing the direction 
<111> is used With the conventional techniques, in the 
embodiment a TiN or TiON layer containing the direction 
<200> is used as an etching mask When the ?rst conductive 
layer is patterned. The reason for this is as folloWs. 

A TiN layer containing the direction <200> has a loWer 
reaction degree and a loWer etching rate than a TiN layer 
having the direction <111> (e.g., refer to Jpn. J. Appl. Phys. 
Vol. 36, p. 1586, Tab. 1, 2). This may be ascribed to a strong 
Ti—N coupling of the direction <200>. The TiN layer 
containing the direction <200> is therefore suitable for an 
etching mask. 
TiON layer containing the direction <200> has a coupling 

energy relation of Ti—O>Ti—N>Ti—Cl. It can therefore be 
eXpected that the more a layer has the Ti—O coupling, the 
etching rate becomes loWer. It is considered that the TiON 
layer contains the Ti—O coupling and most of the Ti—O 
couplings are present in the form of TiO2. From the coupling 
energy relation of Ti—O>Ti—N>Ti—Cl, TiO2 is not vol 
untarily etched With Cl radicals. The TiON layer containing 
the direction <200> has therefore a loW etching rate and is 
therefor e suitable for an etching mask. 

For example, a TiON layer having an oXygen content of 
20 at. % can be considered as having 10% of TiO2 and 90% 
of Ti—N among Ti in the layer. The TiON layer has 
therefore the compositions near a TiN layer, and a loW 
reaction and a loW etching rate similar to the TiN layer. 

If an electrode material lamination layer made of refrac 
tory metal silicide such as WSi2 at least at the uppermost 
layer thereof is dry-etched by using as a mask a conductive 
material layer for antire?ection made of TiN or TiON and 
containing the direction <200>, it becomes possible to form 
a ?ne pattern conductive material layer made of refractory 
metal silicide and having a good dimension precision. 

Furthermore, if a lamination of the antire?ection conduc 
tive material layer and the resist layer is used as an etching 
mask, an independent process of removing the resist layer 
becomes unnecessary. 

FIGS. 1 to 15 are cross sectional vieWs of a substrate 
illustrating a method of manufacturing a MOS IC according 
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to an embodiment of the invention. The processes (1) to (15) 
of the manufacture method corresponding to the drawing 
numbers Will be described in this order. 

(1) As shoWn in FIG. 1, on the surface of a semiconductor 
substrate 30 made of, e.g., silicon, a ?eld insulating ?lm 32 
made of silicon oxide is formed through local oxidation of 
silicon (LOCOS). The insulating ?lm 32 has openings 32A 
and 32B de?ning active regions. Gate insulating ?lms 34A 
and 34B made of silicon oxide are formed by oxidiZing the 
surfaces of the substrate in the openings 32A and 32B. The 
insulating ?lms 34A and 34B may be a silicon nitride 
(Si3N4) ?lm. 

(2) As shoWn in FIG. 2, an electrode material layer 36 for 
gate electrodes is deposited over the substrate, covering the 
insulating ?lms 32, 34A, 34B. Thereafter, a conductive 
material layer 38 to be used for antire?ection and as an 
etching mask is deposited on the electrode material layer 36. 
As the electrode material layer 36, a WSi2/polysilicon 
lamination layer 36a, 36b is formed through chemical vapor 
deposition (CVD), and as the conductive material layer 38, 
a TiON layer containing the direction <200> is formed 
through reactive sputtering or a TiN layer containing the 
direction <200> may be formed. For example, a TiN ?lm 
containing the direction <200> is formed as folloWs. A TiN 
?lm deposited by using a radio frequency ion plating system 
is subjected to heat treatment at a temperature of 1000° C. 
in a vacuum state. For this technique, refer to, for example, 
“Second Preliminary Lecture Prints”, the Institute of 
Electronics, Information and Communication Engineers, 
Spring National Meeting, at page 160, 1988, Which is herein 
incorporated by reference. 

The conductive material layer 38 made of a TiN layer or 
a TiON layer may have a minimum thickness as thin as 
sufficient for the antire?ection effects. If light of i or g line 
is used for the exposure, the thickness of about 30 to 50 nm 
is suf?cient. 
ATiON layer containing the direction <200> Was formed 

through reactive sputtering. For comparison, a TiN layer 
containing the direction <200> Was formed through reactive 
sputtering. FIGS. 16A and 16B are graphs shoWing x-ray 
diffraction patterns of the TiN and TiON layers formed. FIG. 
16A shoWs the x-ray diffraction pattern of the TiN layer 
(oxygen contents: 5 at. %), and FIG. 16B shoWs the x-ray 
diffraction pattern of the TiON layer (oxygen contents: 20 at. 
%). The abscissa represents 20 degrees and the ordinate 
represents an intensity a.u. As described earlier, the TiON 
layer having the oxygen contents of 20 at. % has TiO2 at 
10% and Ti—N at 90%, and its compositions are similar to 
a TiN layer. It can be said that the x-ray diffraction pattern 
of the TiON layer shoWn in FIG. 16B re?ects the crystal 
structure of TiN. It is not necessary that the conductive 
material layer 38 is made of TiN or TiON having the 
direction <200> only, but the layer 38 may be made of TiN 
or TiON containing the direction <200>. The intensity at 20 
corresponding to the direction <200> of TiN or TiON is 
preferably 50% or more of the intensity at 20 corresponding 
to the direction <111>, more preferably 100% or more, or 
much more preferably 150% or more. 

(3) In the processes shoWn in FIGS. 3 to 5, a desired resist 
pattern is formed through photolithography. First, as shoWn 
in FIG. 3, a resist layer 40 is formed over the substrate 
through spin coating or the like, the resist layer 40 covering 
the conductive material layer 38. 

(4) Next, as shoWn in FIG. 4, an exposure process is 
executed. Namely, ultraviolet rays UV are exposed to the 
resist layer 40 via light shielding masks MA and MB having 
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6 
a desired gate electrode forming pattern. The ultraviolet rays 
UV are i or g line of a mercury lamp. The conductive 
material layer 38 functions as an antire?ection layer. 

(5) Next, a development process is performed to partially 
remove the resist layer 40 and leave resist layers 40A and 
40B having a desired pattern as shoWn in FIG. 5. The resist 
layers 40A and 40B have a thickness as thin as suf?cient for 
patterning the conductive layer 38 and as thin as insuf?cient 
for patterning the electrode material layer 36. For example, 
the thickness may be set to 0.5 pm. A resist pattern highly 
precise and/or ?ne can therefore be formed. 

(6) The conductive material layer 38 is patterned through 
dry-etching by using the resist layers 40A and 40B as a mask 
to leave conductive material layers 38A and 38B (both part 
of the conductive material layer 38) as shoWn in FIG. 6. In 
this process, Cl2 is used as the etching gas. 

For example, the conductive material layer 38 Was dry 
etched by using an electron cyclotron resonance (ECR) 
plasma etcher such as shoWn in FIG. 17. 

In the etcher shoWn in FIG. 17, solenoid coils 62 are 
mounted around a plasma chamber 60. MicroWaves MW of 
2.4 GHZ are supplied via a quartZ WindoW 64 into the 
chamber 60. An electrode 66 for holding a Wafer (substrate) 
to be processed is provided in the chamber 60. A radio 
frequency poWer source RF of 13.56 MHZ is connected to 
the electrode 66. Etching gas G is supplied via a gas pipe 68 
into the chamber 60. An evacuation system is coupled to the 
loWer portion of the chamber 60. A synergetic reaction 
betWeen microWaves and magnetic ?eld in the chamber 60 
can generate plasma of uniform and high density under a 
Wide range of pressure. By adjusting the radio frequency 
poWer supplied to the electrode 66, the energy of ions 
incident upon the Wafer WF can be controlled. 

The etching conditions for dry-etching the conductive 
material layer 38 using the etcher shoWn in FIG. 17 Were set 
as: 

Pressure: 1 mTorr 

MicroWave PoWer: 600 W 

Radio Frequency PoWer: 60 W 

Gas FloW Rate: Cl2=25 sccm 
As the conductive layer 38, the TiON layer containing the 
direction <200> formed through reactive sputtering shoWn 
in FIG. 2 Was dry-etched. For comparison, the TiN layer 
containing the direction <111> formed by the process shoWn 
in FIG. 2 Was also dry-etched. The 02 (oxygen) contents, 
densities, and etching rates of these layers are shoWn in 
Table 1. It can be understood that the etching rate of the 
TiON layer containing the direction <200> is loWer than that 
of the TiN layer containing the direction <111>. 

TABLE 1 

O2 Contents Density Etching Rate 
Layer 38 [at %] [mol/cm2] [nm/min] 

TiON 20 6.3 X 10*2 86 
TiN 5 7.0 X 10*2 133 

(7) As shoWn in FIG. 7, the resist layers 40A and 40B are 
removed by an ashing process. Alternatively, the resist 
layers 40A and 40B may be removed by a Washing process 
using organic solvent or the like. 

(8) The electrode material layer 36 is patterned through 
dry etching using the conductive material layers 38A and 
38B as a mask to leave electrode material layers 36A and 
36B (both part of the electrode material layer 36) as shoWn 
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in FIG. 8. A lamination of the electrode material layer 36A 
and conductive material layer 38A constitutes a gate elec 
trode layer 42A, and a lamination of the electrode material 
layer 36B and conductive material layer 38B constitutes a 
gate electrode layer 42B. 

The electrode material layer 36 Was dry-etched by using 
the etcher shoWn in FIG. 17. The structure of the ?lms 34A 
and 42A (34B and 42B) Was TiON (O2 contents: 20 at. 
%)/WSi2/polysilicon/SiO2=40/150/150/15 nm. The etching 
conditions for WSi2 Were set as: 

Pressure: 1 mTorr 
MicroWave PoWer: 1400 W 
Radio Frequency PoWer: 40 W 
Gas FloW Rate: Cl2/O2=25/11 sccm 

The main etching conditions for polysilicon Were set as: 
Pressure: 1 mTorr 
MicroWave PoWer: 1400 W 
Radio Frequency PoWer: 40 W 
Gas FloW Rate: Cl2/O2=25/9 sccm 

The over etching conditions for polysilicon Were set similar 
to the main etching conditions for polysilicon, as: 

Pressure: 1 mTorr 
MicroWave PoWer: 1400 W 
Radio Frequency PoWer: 40 W 
Gas FloW Rate: Cl2/O2=25/9 sccm 
With the above dry etching processes, the conductive 

material layers 38A and 38B made of TiON and containing 
the <200> direction Were hardly etched, and they provided 
a sufficient function as the etching mask. 

(9) As shoWn in FIG. 9, conductivity type imparting 
impurity ions ION are selectively implanted into a surface 
layer of the substrate by using the electrode layers 42A and 
42B and insulating ?lm 32 as a mask, to thereby form 
source/drain regions of loW impurity concentration. After 
side spacers 44A and 44B are formed on the side Walls of the 
electrode layers 42A and 42B, ions are selectively implanted 
in the manner similar to the above to form source/drain 
regions of high impurity concentration. The source regions 
4651 and 4652 and drain regions 46D1 and 46D2 of a lightly 
doped drain (LDD) structure can therefore be formed. A 
MOS transistor TA has the gate electrode layer 42A, source 
region 4651, and drain region 46D 1, and a MOS transistor TB 
has the gate electrode layer 42B, source region 4652, and 
drain region 46D2. CMOS transistors may also be formed. In 
this case, ions are implanted into an n-type transistor region 
by covering a p-type transistor region With a resist ?lm, and 
ions are implanted into the p-type transistor region by 
covering the n-type transistor region With a resist ?lm. 

(10) As shoWn in FIG. 10, an interlayer insulating ?lm 48 
is formed over the substrate by CVD or the like, the ?lm 48 
covering the transistors TA and TB and insulating ?lm 32. As 
the insulating ?lm 48, a silicon oXide ?lm, a silicon nitride 
?lm, a phosphosilicate glass (PSG) ?lm, a borophosphosili 
cate glass (BPSG) ?lm, or the like may be used. 

(11) As shoWn in FIG. 11, a resist layer 50 having 
openings for desired connection holes is formed on the 
insulating ?lm 48 through photolithography. If the insulating 
?lm 48 is transparent, the conductive material layers 38A 
and 38B constituting the gate electrode layers function as an 
antire?ection ?lm When the resist layer 50 is eXposed With 
light. Therefore, the dimension precision of the resist pattern 
is high in the area above the gate electrode layer. 

(12) A source connection hole 48a and gate connection 
holes 48b and 48c are formed through the insulating ?lm 48 
as shoWn in FIG. 12, through a dry etching process using the 
resist layer 50 as a mask. If there is an insulating ?lm such 
as titanium oXide formed on the surface of the conductive 
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8 
material layers 38A and 38B, the connection holes 48b and 
48c are formed reaching the conductive material layers 36A 
and 36B through the conductive material layers 38A and 
38B in order to obtain good electrical contacts. If there is no 
insulating ?lm formed on the surface of the conductive 
material layers 38A and 38B, the connection holes 48b and 
48c may be formed reaching the surfaces of the conductive 
material layers 38A and 38B. Thereafter, the resist layer 50 
is removed. 

(13) As shoWn in FIG. 13, a Wiring material layer 52 made 
of Al, Al alloy, or the like is deposited over the substrate, 
covering the insulating ?lm 48 and ?lling the insides of the 
connection holes 48a to 48c. A conductive layer 54 made of 
TiN, TiON, or the like containing the direction <200> is 
formed on the Wiring material layer 52 by the method similar 
to the processes shoWn in FIG. 54, the conductive material 
layer 54 being used for antire?ection and as an etching 
mask. 

(14) As shoWn in FIG. 14, a resist layer 56 having a 
desired Wiring pattern is formed on the conductive layer 54 
by photolithography. 

(15) The conductive material layer 54 is patterned through 
dry etching using the resist layer 56 as a mask, to thereby 
leave conductive material layers 54A, 54B, and 54C (all are 
part of the conductive material layers 54). After the resist 
layer 56 is removed, the Wiring material layer 52 is patterned 
through dry etching using the conductive material layers 
54A, 54B, and 54C as a mask, to thereby leave Wiring 
material layers 52A, 52B, and 52C (all are part of the Wiring 
material layer 52). A lamination of the Wiring material layer 
52A and conductive material layer 54A constitutes a source 
Wiring layer 5851 for the transistor TA. A lamination of the 
Wiring material layer 52B and conductive material layer 54B 
constitutes a gate Wiring layer 58G1 for the transistor TA. A 
lamination of the Wiring material layer 52C and conductive 
material layer 54C constitutes a gate Wiring layer 58G2 for 
the transistor TB. 

In the embodiment described above, the electrode mate 
rial layer 36 and Wiring material layer 52 are patterned after 
the resist layers are removed at the processes shoWn in 
FIGS. 8 and 15. The electrode material layer 36 and Wiring 
material layer 52 may be patterned Without removing the 
resist layers, by using the resist layers and conductive 
material layers 38A, 38B, 54A, 54B, and 54C as the mask. 
In this case, While the electrode material layer 36 and Wiring 
material layer 52 are patterned through dry etching, the resist 
layers are removed by the dry etching. It is therefore 
unnecessary to use an independent process of removing the 
resist layer. 
Damage tests Were conducted by using test samples such 

as shoWn in FIGS. 18 and 19 in order to compare electronic 
shading damages When a WSi2/polysilicon lamination ?lm 
is dry-etched by using a resist mask having a thickness of 1.8 
pm With electronic shading damages When a WSi2/ 
polysilicon lamination ?lm is dry-etched by using a TiON 
layer mask having a thickness of 40 nm and the direction 
<200>. For the general background of a damage test, for 
eXample, refer to US. Ser. No. 08/926,331 ?led on Sep. 5, 
1997, and Us. Ser. No. 08/926,290 ?led on Sep. 5, 1997, 
Which are herein incorporated by reference. 

The test sample has a metal-nitride-oXide-semiconductor 
(NMOS) capacitor and a dummy pattern of a line-and-space 
shape disposed around the NMOS capacitor. FIG. 18 is a 
plan vieW of the test sample, and FIG. 19 is a cross sectional 
vieW of the test sample taken along line X-X‘ of FIG. 18. A 
rectangular polysilicon electrode layer 74 is formed on an 
insulating ?lm 72 formed on the surface of an n-type silicon 
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substrate 70. The insulating ?lm 72 is a lamination of an 
SiO2 ?lm and an Si3N4 formed on the SiO2 ?lm. An SiO2 76 
is formed covering the electrode layer 74 and insulating ?lm 
72, and a connection hole is formed in the SiO2 ?lm 76 in 
an area corresponding to the central area of the electrode 
layer 74. A polysilicon layer 78a and a WSi2 layer 78b are 
sequentially deposited by CVD, covering the SiO2 76 and 
?lling the inside of the connection hole to thereby form a 
WSi2/polysilicon lamination layer 78. On this WSi2/ 
polysilicon lamination layer 78, a TiON layer is formed 
through reactive sputtering, the TiON layer having a thick 
ness of 40 nm and containing the direction <200>. On this 
TiON layer, resist layers 82, and 82A to 82D having a 
thickness of 1.8 pm and a plan pattern shoWn in FIG. 18 are 
formed. By using these resist layers 82, and 82A to 82D as 
masks, the TiON layer is patterned through dry etching to 
leave TiON layers 80, and 80A to 80D (80B and 80D are not 
shoWn in FIG. 19) corresponding to the resist layers 82, and 
82A to 82D. 

With the dry etching using the resist layers 82, and 82A 
to 82D as the masks, the WSi2/polysilicon lamination layer 
78 under the TiON layers is also patterned to leave portions 
of the lamination layer 78 corresponding to the resist layers 
82, and 82A to 82D. Thereafter, the resist layers are 
removed. This method is herein called a ?rst patterning 
method. 

Another method of patterning the WSi2/polysilicon lami 
nation layer 78 is as in the folloWing, Which method is herein 
called a second patterning method. After the TiON layer is 
etched, the resist layers 82, and 82A to 82D are removed. By 
using the left TiON portions 80, and 80A to 80D as a mask, 
the WSi2/polysilicon lamination layer 78 is patterned 
through dry etching to leave the portions of the lamination 
layer 78 corresponding to the left TiON portions 80, and 80A 
to 80D. The etcher shoWn in FIG. 17 Was used for both the 
?rst and second patterning methods, and the etching condi 
tions Were set as: 

Pressure: 1 mTorr 
MicroWave: 1800 W 
Radio Frequency PoWer: 40 W 
Gas FloW Rate: Cl2/O2=25/11 sccm 
An NMOS capacitor is constituted of the rectangular 

TiON layer 80, a rectangular WSi2/polysilicon layer 78A 
portion left under the TiON layer 80, polysilicon electrode 
layer 74, insulating ?lm 72, and silicon substrate 70. A 
dummy pattern of a line-and-space shape conformal to the 
resist layers 82A to 82D is disposed around the NMOS 
capacitor. Each line of the dummy pattern is constituted of 
the TiON layer portions 80A to 80D and WSi2/polysilicon 
layer 78A portions left under the TiON layer portions. The 
siZe of the rectangular TiON layer 80 Was set to 500 pm><500 
pm, and the line and space Widths of the dummy pattern 
Were set to 1 pm and 1.5 pm, respectively. 

In addition to test samples of the ?rst type having the 
dummy pattern described above, test samples of the second 
type Without the dummy pattern Were prepared. 

For the test samples of the ?rst type, ?at band voltages 
V?,11 and V?,12 before and after the WSi2/polysilicon lami 
nation layer 78 is dry-etched by the ?rst and second pat 
terning methods Were measured to obtain a shift amount 

S1=Vfb12—Vfb11. For the test samples of the second type, ?at 
band voltages V?,21 and V?,22 before and after the WSi2/ 
polysilicon lamination layer 78 is dry-etched by the ?rst and 
second patterning methods Were measured to obtain a shift 

amount S2=Vfb22—V?,21. A difference AS=S1—S2 of the shift 
amounts betWeen the ?rst and second test samples Was 
calculated. This difference is herein called a V?, shift 
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10 
increase amount. Table 2 shoWs the V?, shift increase 
amounts of the ?rst patterning method (using a resist layer 
having a thickness of 1.8 pm as a mask) and the second 
patterning method (using a TiON layer having a thickness of 
40 nm as a mask). 

TABLE 2 

Patterning Method Increase in Vfb Shift [V] 

1st Method 
2nd Method 

0.110 
—0.009 

The larger the Vfb shift increase amount, the larger the 
electronic shading damages are. It can be understood from 
Table 2 that the second patterning method of this embodi 
ment suppresses damages more than the ?rst patterning 
method. 

FIG. 20 is a graph shoWing an etching selection ratio 
dependency upon an 02 How rate. The abscissa represents an 
02 How rate [sccm] during etching, the left ordinate repre 
sents an etching selection ratio (SWiZ/TiON) of WSi2 to 
TiON, and the right ordinate represents an etching selection 
ratio (Si/TiN) of Si to TiN. 
The TiON layer containing the direction <200> Was 

formed by using a DC magnetron sputtering system and Ti 
as a target. The reactive sputtering conditions Were set as: 

Pressure: 4 mTorr 
Gas FloW Rate: 

DC PoWer: 5 kW 
ATiON/O2 ?oW ratio of sputtered TiON to ?oWed 02 Was 

calculated by the folloWing equation. 

(O2 ?oW rate/total flow rate of N2+Ar+O2)><100 [%] 

Samples of four types Were prepared, With the 02 How 
ratio being set to 0, 5, 10, and 15%. Samples of the 02 How 
ratio 0% have TiN layers containing the direction <111>, 
instead of TiON layers. As the 02 How ratio increases, 
oxygen contents increase, a TiN layer changes to a TiON 
Layer, and the direction <111> becomes Weak Whereas the 
direction <200> becomes strong, so that a TiON layer has a 
random distribution of the directions <200> and <111>. 

Etching Was performed by using the etcher shoWn in FIG. 
17. The etching conditions Were set as: 

Pressure: 1 mTorr 
MicroWave PoWer: 1400 W 
Radio Frequency PoWer: 45 W 
Gas FloW Rate: 

Cl2=25 sccm, 
O2=0 to 13 sccm 

It can be understood from FIG. 20 that as the 02 How rate 
increases, the etching selection ratios Si/TiN and SiZ/TiON 
are improved. It can also be understood that the etching 
selection ratio WSiZ/TiN for the TiN layer With the 02 How 
ratio 0% is not improved even if the 02 How rate is 
increased. As the 02 How ratio of sputtered TiON is 
increased, the direction <200> becomes strong, and as the 
02 How rate of etching is increased, the etching selection 
ratio WSiZ/TiON is improved. It is preferable to form a 
TiON layer through sputtering at the 02 How ratio of 5% or 
higher, more preferably 10% or higher, or much more 
preferably 15% or higher. 

According to the experiments made by the inventors, 
When WSi2 is etched by using a TiON layer as a mask, a 
proper 02 How rate is 9 sccm or higher at Cl2 of 25 sccm. 
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The invention is not limited only to the above 
embodiments, but various modi?cations are possible. For 
example, the invention is applicable not only to dry etching 
of a polycide layer such as a WSi2/polysilicon lamination 
layer but also to dry etching of a single layer of refractory 
metal silicide such as WSi2 and a lamination of refractory 
metal silicide. 

The present invention has been described in connection 
With the preferred embodiments. The invention is not limited 
only to the above embodiments. It is apparent that various 
modi?cations, improvements, combinations, and the like 
can be made by those skilled in the art. 
What is claimed is: 
1. Amethod of forming a conductive layer comprising the 

steps of: 
(a) forming a ?rst conductive lamination layer on an 

insulating ?lm covering a substrate, the ?rst conductive 
layer being made of refractory metal silicide at least at 
an uppermost layer of the ?rst conductive lamination 
layer; 

(b) forming a second conductive layer for antire?ection 
on the ?rst conductive lamination layer through 
photolithography; the second conductive layer being 
made of TiN or TiON and containing a direction <200> 
of the Miller indices notation; 

(c) forming a resist ?lm having a desired pattern on the 
second conductive layer through photolithography; 

(d) patterning the second conductive layer through dry 
etching using the resist layer as a mask to partially 
leave the second conductive layer; and 

(e) patterning the ?rst conductive lamination layer 
through dry etching using the resist layer and/or the left 
portion of the second conductive layer as a mask to 
partially leave the ?rst conductive lamination layer, 

Wherein a lamination of a left portion of the ?rst conduc 
tive lamination layer and the left portion of the second 
conductive layer is used as a conductive layer for an 
electrode or a Wiring layer. 

2. A method of forming a conductive layer according to 
claim 1, further comprising: 

(f) removing the resist layer after said step (d) and before 
said step (e), 

Wherein said step (e) performs the dry etching by using 
the left portion of the second conductive layer as a 
mask. 

3. A method of forming a conductive layer according to 
claim 1, Wherein said step (e) performs the dry etching by 
using a lamination of the resist layer and the left portion of 
the second conductive layer as a mask to leave the portion 
of the ?rst conductive layer and remove the resist layer. 

4. A method of forming a conductive layer according to 
claim 1, Wherein said step (b) forms the second conductive 
layer for antire?ection, the second conductive layer being 
made of TiON containing the direction <200>. 

5. A method of forming a conductive layer according to 
claim 1, Wherein the substrate is a semiconductor substrate. 

6. A method of forming a conductive layer according to 
claim 1, Wherein said step (a) forms the ?rst conductive 
lamination layer having the uppermost layer made of WSi2. 

7. A method of forming a conductive layer according to 
claim 1, Wherein said step (c) forms the resist layer having 
a thickness suf?cient for patterning the second conductive 
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layer and insuf?cient for patterning the ?rst conductive 
lamination layer. 

8. A method of forming a conductive layer according to 
claim 3, Wherein said step (c) forms the resist layer having 
a thickness suf?cient for patterning the second conductive 
layer and insuf?cient for patterning the ?rst conductive 
lamination layer. 

9. A method of forming a conductive layer according to 
claim 4, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiON through sputtering. 

10. A method of forming a conductive layer according to 
claim 5, Wherein the semiconductor substrate is a silicon 
substrate. 

11. A method of forming a conductive layer according to 
claim 6, Wherein said step (a) forms the ?rst conductive 
lamination layer having a polysilicon layer under the WSi2 
layer. 

12. A method of forming a conductive layer according to 
claim 9, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiON through reactive 
sputtering at an oxygen gas ?oW rate of 20% or larger 
relative to a total gas ?oW rate. 

13. A method of forming a conductive layer according to 
claim 9, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiON through reactive 
sputtering at an oxygen gas ?oW rate of 5% or larger relative 
to a total gas ?oW rate of oxygen, nitrogen, and argon gases. 

14. A method of forming a conductive layer according to 
claim 9, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiON through reactive 
sputtering at an oxygen gas ?oW rate of 10% or larger 
relative to a total gas ?oW rate of oxygen, nitrogen, and 
argon gases. 

15. A method of forming a conductive layer according to 
claim 9, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiON through reactive 
sputtering at an oxygen gas ?oW rate of 15% or larger 
relative to a total gas ?oW rate of oxygen, nitrogen, and 
argon gases. 

16. A method of forming a conductive layer according to 
claim 1, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiN or TiON having an 
intensity at 20 corresponding to the direction <200> in an 
x-ray diffraction pattern Which intensity is 50% of, or higher 
than, an intensity at 20 corresponding to a direction <111>. 

17. A method of forming a conductive layer according to 
claim 1, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiN or TiON having an 
intensity at 20 corresponding to the direction <200> in an 
x-ray diffraction pattern Which intensity is 100% of, or 
higher than, an intensity at 20 corresponding to a direction 
<111>. 

18. A method of forming a conductive layer according to 
claim 1, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiN or TiON having an 
intensity at 20 corresponding to the direction <200> in an 
x-ray diffraction pattern Which intensity is 150% of, or 
higher than, an intensity at 20 corresponding to a direction 
<111>. 

19. A method of forming a conductive layer according to 
claim 1, Wherein said step (b) forms the second conductive 
layer for antire?ection made of TiN and containing the 
direction <200>. 


